Background/Objective: To assess the traditional postpartum practices, mother and child nutritional status and associated factors. Subjects/Methods: A cross-sectional study in 41 randomly selected villages on the outskirts of Vientiane capital city, Lao PDR (Laos). 300 pairs of infants (o6 months of age) and their mothers were enrolled. Information was collected about pregnancy, delivery and traditional practices through a standardized questionnaire. Dietary intake and food frequency were estimated using the 24 h recall method, calibrated bowls and FAO food composition tables. Mothers' and infants' anthropometry was assessed and multivariate analysis performed. Results: Contrasting with a high antenatal care attendance (91%) and delivery under health professional supervision (72%), a high prevalence of traditional practices was found, including exposure to hot beds of embers (97%), use of traditional herb tea as the only beverage (95%) and restricted diets (90%). Twenty-five mothers (8.3%) were underweight. Mothers had insufficient intake of calories (55.6%), lipids (67.4%), iron (92.0%), vitamins A (99.3%) and C (45%), thiamin (96.6%) and calcium (96.6%). Chewed glutinous rice was given to infants as an early (mean 34.6, 95% CI:29.3-39.8 days) complementary food by 53.7% of mothers, and was associated with stunting in 10% children (OR ¼ 1.35, 95% CI:1.04-1.75). Conclusion: The high prevalence of traditional postpartum restricted diets and practices, and inadequate maternal nutritional intake in urban Laos, suggest that antenatal care may be an important opportunity to improve postpartum diets.
Introduction
The Lao PDR (Laos) is a landlocked country in Southeast Asia, with a multi-ethnic, low-density (24 per km 2 ) population of 5.6 million. It has one of the lowest per capita incomes (US$390) in Asia and is ranked 135th globally according to the Human Development Index (United Nations Development Program, 2006) . The Lao National Health Survey documented a high prevalence of stunting (41%) and wasting (15%) among children (0-5years) (Ministry of Health, 2001 ).
Steamed glutinous rice ('sticky' rice) is the staple food in Laos and is complemented mainly by small portions of vegetables and fish. Glutinous rice differs from other rice varieties in that it has a high content of amylose (Gerhold, 1967) . Traditional Lao rice processing and cooking may destroy water-soluble vitamins. Sticky rice is washed 3-4 times and then soaked in an excess of water for several hours. The excess water is poured off and the rice steamed until the kernels adhere to each other. The estimated daily dietary energy supply per capita was 2315 kcal in 2003 with rice providing 68 and 64% of the energy and protein supply, respectively (Kaufmann et al., 2003) .
In Asia, postpartum maternal food restrictions ('food avoidances') are common practices, which may have important health consequences in reducing the nutritional content of breast milk. In Laos, 5% of the children are never breastfed, 28% have exclusive breastfeeding at 3 months and 75% are weaned before 24 months (Ministry of Health, 2001) . Inadequate breastfeeding and weaning practices contribute to high rates of malnutrition and infant and child mortality (Kaufmann et al., 2003) . Glutinous rice is a frequent first food supplement and is given pre-chewed by mothers to 20-48% of infants in the first week of life (Kaufmann et al., 2003) . These traditional nutritional habits are embedded in wider postpartum practices, such as the 'hot bed', in which mothers lie on a bed with hot charcoal laid beneath for 3-4 weeks after delivery.
Traditional practices may have important health implications for both mother and infant. Early complementary food may reduce or terminate their breast-milk intake (Drewett et al., 1993; WHO, 1998) , may be a source of microbial contamination and interfere in the absorption of essential micronutrients such as iron and zinc (Giugliani and Victora, 2000) . Beriberi, or clinical thiamin (vitamin B 1 ) deficiency, has been associated with low diet diversity and consumption of glutinous rice (Soukaloun et al., 2003) . The development of bladder stones in early childhood is associated with a dietary carbohydrate-protein imbalance, observed in Lao children who have early glutinous rice supplementation (Sayasone et al., 2004) .
As there are no data available on the dietary intake of lactating Lao mothers we carried out a cross-sectional study to assess postpartum traditional practices, to describe the qualitative and quantitative aspects of mothers' diet, and to identify factors associated with impaired mother and child nutritional status.
Population, materials and methods

Study setting
Vientiane, the country's capital, has 698 000 inhabitants. Despite recent increasing urbanization, Vientiane preserves rural characteristics such as rice fields and fishponds within the city.
Sampling procedure
From a list of all villages on the outskirts of the capital, defined as 15-25 km from the city centre, a random sample of 41 villages (see sample size below) was drawn using a random number table. All mothers with a child aged less than 180 days and who gave informed oral consent were recruited in March-April 2005.
Mothers' questionnaire A structured questionnaire of 45 items, concerning household economic status, morbidity and dietary intake, was used to interview the mothers by a Lao investigator (SC) in the Lao language. Once a 24 h diet recall was performed to report maternal daily food consumption and their children's daily food frequency (Marr, 1971) . Quantities of food items consumed were measured on site using local bowls and cooking tools calibrated with a scale (75 g). Vegetable weight was estimated using pre-calculated weights based on the size and number of leaves or pieces during a pilot study in three villages. Dietary intakes were estimated for protein, lipids, energy (calories) and vitamins using FAO food composition tables for Asia (FAO, 1972) and compared with daily dietary allowances for lactating women (Latham, 1997) . Intakes were considered insufficient as follows: energyo2710 cal J
À1
, proteino69 g, lipid o45 g, irono26 mg, calciumo1000 mg, thiamino1.1 mg, retinolo850 mg, vitamin Co30 mg (Latham, 1997) . Excessive intake was defined for energy 43500 kcal J À1 and protein 4120 g J
.
Anthropometry
Mother's height was measured using wooden measuring boards with 0.1 cm precision (United Nations, 1986). Child's length was measured in the supine position. Participants were weighed lightly clothed using an infant scale (precision 710 g) or an electronic SECA scale for adults (precision 7100 g).
Sample size estimation, definitions and analysis
We calculated a necessary sample size of 300 mother-infant pairs on the basis of 78% of mothers observing food avoidance (a ¼ 0.05, b ¼ 0.9) (Ministry of Health, 2001) . Mothers reporting restricted postpartum diet were classified as the 'restricted diet' group (RD), and those reporting no restriction as the 'nonrestricted diet' group (NRD).
Epinut (Epi Info 6.04d) was used to calculate height for age (stunting), weight for age (underweight) and weight for height (wasting) z-scores for each child. A child was considered malnourished if the z-score was p2 s. 
Results
Demographic and socioeconomic characteristics of the women No women declined consent to the study and 300 mothers were interviewed 3.0 (95% CI: 2.7-3.2) months after delivery with 32 (10.6%) mothers interviewed during the first fort-night (Table 1) . Husbands were mainly farmers or labourers (76%). Drinking water was either purified bottled water (35%) or from wells (64%). Families had very low income (p40 US$ per month; 43%) and low income (p100US$ per month; 45%).
Mother's nutrition status Five factors were associated with maternal underweight (BMI o18.5 kg m À2 ), which was found in 25 (8.3%) mothers (Tables 1 and 2 ). Multiparity and having her own house were protective factors, while no access to health care, no or basic employment and long time interval after delivery were related with malnutrition (Table 2) .
Antenatal care and pregnancy Ninety-one percent of mothers made at least one ANC visit (Table 1) . Twenty-eight percent of women delivered without medical supervision, with the help of a family member (44, 14.6%) or a traditional birth attendant (40, 13.3%). Women delivering in hospital, where some health education and immunization are provided, were more common in the NRD group (Po0.001). Women more commonly had their first childbirth in hospital than their subsequent deliveries (53.7 vs 46.3%, P ¼ 0.001). Almost all women (97%) lay on 'hot beds' of embers for a mean of 14.0 (95% CI: 13.3-14.6) days.
Education, parity and socioeconomic factors were related to higher ANC and hospital delivery (Table 2) .
Postpartum practices
After delivery 274 (93%) women reported a restricted diet ('phit kam').
Dietary avoidances were described by 271 women (Table 3) , and were strict especially in the first postpartum fortnight. Vegetables and fruits were rarely eaten.
During the first months, mothers did not eat popular Lao foods, such as raw or fermented vegetables, fruits, meat 'lap-mou' (pork meat chopped with vegetable), 'sommou' (fermented pork meat with vegetable) or 'pad-dek' (fermented fish sauce), 'white' skinned mammals, liquid meals and Table 1 Characteristics of all mothers interviewed and those observing and not observing dietary restrictions Postpartum practices and food restrictions in Lao PDR H Barennes et al sauces, sugar and spices. Most women (81.7%) returned to an unrestricted diet by the third month postpartum (Figure 1) .
By the third month, 33% of mothers only ate homeproduced food. Three mothers did not eat vegetables from their garden, as they were afraid of the consequences of pesticides.
285 (95%) women drank only traditional unsweetened herb tea in the first 15 days postpartum (Figure 1 ). Herb tea was considered to be beneficial for lactation (201, 70%), healing of tissue injuries caused by delivery (191, 67%) and for prevention of cardiac failure (84, 29%). Figure 1 Mothers' restricted diet and traditional herb tea use after delivery (n ¼ 300).
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Daily nutritional intake of mothers Assessment of the daily nutritional intakes of mothers showed that all but two ate rice, mostly glutinous (87.3%). (Tables 4-6 ). Diet in the previous day consisted of rice associated with meat (85.3%), fish (60.0%) or both (47.6%), with fruits (n ¼ 151, 50.3%) or vegetables (n ¼ 163, 54.3%) or roots (n ¼ 66, 22.2%).
Half of the mothers reported eating fruits or vegetables, with 94 (31.3%) eating both, while 80 (26.6%) eating neither. Mean daily consumption of meat (15.3 g) and fish (6.6 g) was moderate. Sweet drinks were taken infrequently and accounted for o2% of carbohydrates.
The estimated nutritional values of the preceding day's food did not differ between the NRD/RD groups (Table 5) . Carbohydrates constituted the greatest portion of the diet (median 85.7% (69-96)). Half of the mothers were estimated to have consumed sufficient carbohydrates and proteins but only one third consumed sufficient lipids and micronutrients.
Daily nutritional intake of RD mothers during and after the first fortnight In the RD group mothers had significantly lower protein and micronutrient intake during, in comparison to after, the first fortnight (Table 6 ). Protein and micronutrient intakes were below the FAO requirements.
Children nutritional status and feeding practices Thirty infants (10%) had severe stunting and 9 (3%) had acute malnutrition (Table 7) . The stunted children were older than the nonstunted ones (128.7 (95% CI: 112.8-144.6) days vs 87.8 (95% CI: 81.0-94.5) days; Po0.001). Stunting was associated with early rice supplementation (OR ¼ 1.35, 95% CI: 1.04-1.75) and not with the mother's diet. Before being breastfed, 81 (27%) children received either water or formula milk. Colostrum was given by 276 (92.5%) mothers but mean time to first breastfeeding was given at 14.6 (11.2-18.0) h.
A total of 161 (53.7%) infants received an early food supplement in the form of chewed glutinous rice (77, 25.6%), formula milk (66, 22%) or rice soup with carrots (16, 5.3%). The day before maternal interview, 133 (43.3%) infants received rice (chewed, mixed, as flour) and 64 (21.3) received fruits or vegetables alone or with rice.
Discussion
This study estimates the occurrence and nutritional values of restrictive diets included in a set of postpartum traditional practices among urban Lao women. Restricted diet and postpartum practices are common and similar to those reported nationwide (Ministry of Health, 2001) and to reports from neighbouring north-eastern Thailand (Saowakontha et al., 1995) . The first breast meal is still delayed for 14.6 h. The generalized use of colostrum (92.5%) is a notable change from Lao traditional postpartum practices in which colostrum, considered impure because of its colour, is discarded and the first breast meal may be delayed for 2-3 days (FAO and IUCN, 2003) . On the outskirts of the capital, recent urbanization and transitional changes in economic status have only moderately affected the persistent high frequency of traditional delivery and postpartum practices. Therefore, efforts are required to inform pregnant women on benefits and risks of traditional practices.
Perception on postpartum practices
Most women observed 'hot bed' practices. Noncompliance is regarded as having negative consequences on both maternal and child health (Pottier, 1978) . Maternal or infantile death, Table 4 Breastfeeding mother (n ¼ 300) meal composition (24 h recall) poor lactation and diseases, such as diarrhoea, are listed among the consequences. Mothers explained that 'hot bed' helps to dry up and heal the vagina and uterus, and to relax muscles and decrease pain. Surprisingly, women with higher education stayed longer on 'hot beds' than illiterate women. They reported that the 'hot bed' was an opportunity to rest, to stay away from daily chores and to strengthen social relations. In addition, reduced physical activity associated Part of CHO in total energy 84 and 83%, respectively; recommended part of CHO in total energy: 55% (FAO, 1998). d Part of lipid in energy intake 9.9% in both groups; recommended fat in energy intake o30% (FAO, 1998). ; lipid, 45 g; thiamin, 1.1 mg; vitamin C, 30 mg; retinol, 850 mg; iron, 26 mg; calcium, 1000 mg (Latham, 1997) . a Mean (95% confidence interval).
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H Barennes et al with bed rest may compensate for the low daily calorie intake (FAO/WHO, 1998). Most mothers restricted their diet. Women explained their compliance with traditional food practices in a similar way to the 'hot bed' in that not complying would negatively influence the health of the newborn. Grilled food (without fruits and vegetables) is believed to prevent cardiac failure (n ¼ 123, 41%) and to heal internal organ injuries (n ¼ 101, 37%). Eating 'white' skinned animals would lead to weakness. These traditions are deeply rooted (Pottier, 1978) , and vary according to ethnic group and location (Kaufmann et al., 2001) .
Foods avoidances and potential nutritional deficiencies
Food avoidance during pregnancy and after delivery is common in other traditional cultures, and may substantially affect daily intakes of energy, protein and basic nutrients, notably micronutrients (Trigo et al., 1989; Santos-Torres and Vasquez-Garibay, 2003) . They may precipitate maternal micronutrient deficiencies (Kachondham and Dhanamitta, 1992) . The 31 mothers (10.6%) in the RD group who were interviewed during the first fortnight after delivery consumed an excess of calories with insufficient protein, fat and micronutrients. Three months postpartum, most women had an adequate macronutrient intake, except for lipids. However, the mothers had an inadequate intake of micronutrients, due to the general restriction of vegetables, fruits and meat. Thiamin deficient intake was common both during and after the restricted diet period. Hence, it is likely that thiamin, vitamin A and vitamin C are deficient in breast milk (Latham, 1997) , but this needs to be formally assessed. Thiamin deficient intake is of public health concern in Laos, because infantile beriberi is prevalent, at least in Vientiane (Soukaloun et al., 2003) .
Mother and child nutritional status
Multivariate analysis revealed that lack of medical care, unemployment and time since delivery were positively associated with poor maternal nutritional status. Due to the rapid postpartum weight loss, we suspect that maternal nutritional status continues to decline after parturition. The high consumption of glutinous rice protects mothers from caloric deficiency. However, our study suggests that 18% women consumed an excess of carbohydrates after delivery, which, associated with chronic carbohydrate imbalance and absence of diet diversification, is known to be associated with future obesity and diabetes, a special concern in developing countries (King et al., 2005) . Overall, 10% of children were stunted or wasted which is similar to the national estimate of 10.4% for infants o6 months (Ministry of Health, 2001 ). The lack of accurate birth weight and gestational age for children born at home limit our interpretation (low birth weight in Laos is estimated to be 14%, UNICEF, 2006) .
We observed an association between stunting and early complementary food given to infants but not with maternal food restriction. Exclusively breastfed Lao children tend to be taller than those receiving early glutinous rice supple- mentation (Graz, 1999) . Severe stunting is a major nutritional concern in Laos, especially in remote rural settings where up to 74.1% of school children may be affected (Miyoshi et al., 2005; Phengxay et al., 2007) . Early feeding of infants aged o30 days with chewed glutinous rice may also cause protein deficiency, because calories from rice tend to replace calories from breast milk (Valyasevi et al., 1967) .
Nutritional education and antenatal care
We observed a high ANC attendance (91.3%), but a lower rate of hospital delivery (72.0%) and related absence of care seeking to education, parity and socioeconomic level. The perception that a healthy pregnancy does not need to be followed up by a health worker is widely held in Laos (FAO and IUCN, 2003) . Restricted diet was related to primiparity and the place of delivery. Exposure to the hot bed was lower when the mother delivered at hospital. Delivery at the hospital was positively related with ANC. These associations suggest a role for ANC and post-delivery counselling in reducing inappropriate nutritional practices. Antenatal attendance could be an ideal opportunity to address nutritional issues. However, the quality of education currently provided during this period is of concern since current practices are similar, apart for colostrums use, to traditional practices. North-east Thai nurses' beliefs regarding postpartum traditions were quite different from contemporary evidence-based recommendations, with many nurses supporting restrictive diets, hot beds, discarding of colostrum and giving boiled water to neonates (Kaewsarn et al., 2003) . Hence, prior to introducing educational programmes in antenatal care services, staff must be trained appropriately. Interventions to alter traditional postpartum dietary behaviour have been carried out in Laos, mainly among ethnic minorities (Khamhong et al., 2000; Kaufmann et al., 2001; Perks et al., 2006) . A sustained 15-year community and education based programme, favouring exclusive breastfeeding up to 6 months, and appropriate introduction of nutritious complementary foods proved successful in Sayaboury Province (Perks et al., 2006) . Nationwide extension of such programmes may be beneficial. Shorter term programmes have proved unsuccessful in reducing mother and child malnutrition (Khamhong et al., 2000) .
Limitations of this study include its descriptive aspect, the late timing of the interviews in relation to delivery, and the inherent inaccuracies of 24 h dietary recall. Overestimation of the macronutritional value and underestimation of micronutritional loss by food processing may have occurred. Furthermore, we did not consider some factors which may hamper the bioavailability of nutrients, such as herbal tea, use of green leaves and fermented fish paste which contain thiaminases, which may aggravate thiamine deficiency (Vimokesant et al., 1975) .
The study provides new insights into the continued high frequency of restricted postpartum diets in Laos and their consequences, risking thiamin, vitamin C and vitamin A deficiency in infants. More research is needed to understand the origins of food avoidance behaviours, their health impacts and possible solutions.
Conclusion
Traditional postpartum food restrictions are commonly observed in urban Laos. The diet of lactating women is of low diversity and excessively based on glutinous rice, resulting in intakes below the standard recommendations for lipids, proteins and micronutrients. Infants are at risk of vitamins A, C and thiamin deficiencies. Early infant food supplementation with glutinous rice is widely practiced and associated with infant stunting. More qualitative studies are needed to understand the sociocultural basis of avoidances and the reason for their persistence in Lao society. Attendance at antenatal care is high and could be an opportunity to improve nutrition in Lao women and children.
